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tsophageal perforation remains a diagnostic and thera-
peutic challenge, heavily taxing the thoracic surgeon’s
udgment and technical skills as well as institutional re-
ources. Mortality remains high; a recent meta-analysis of
26 esophageal perforations occurring between 1990 and
003 revealed a mortality rate of 18%.1 There are several
ariables well understood to be associated with outcome,
ncluding the interval from the event to the time of diagnosis,
he mechanism of injury, the site of perforation, and the
resence of underlying esophageal pathologic problems. De-
ay in therapy past 24 hours is often cited as a critical deter-
inant in treatment choices and outcome as mortality rates
ave been shown to double beyond this critical window.1-3
he mortality of spontaneous perforation (Boerhaave’s syn-
rome) remains exceedingly high (36%), almost double that
f iatrogenic perforation (19%) and five-fold greater than that
f traumatic perforation (7%). This fact is most likely due to
he ambiguities of diagnosis and the resultant delays in care
ssociated with spontaneous esophageal ruptures.1 Cervical
erforations have a consistently lower mortality than thoracic
r abdominal perforations, due to the body’s ability to handle
nfection confined to the neck and the severe consequences
f mediastinitis or uncontrolled pleural or peritoneal sepsis.1
The principles of treatment for esophageal perforation in-
lude cardiorespiratory resuscitation, cessation of the inflam-
atory stimulus by halting extraluminal contamination, con-
rol of infection, nutritional support, and eventual restoration
f gastrointestinal continuity. The options for management of
he perforation are quite broad and include expectant obser-
ation, endoscopic techniques to repair or otherwise control
he site of perforation, surgical exploration with primary re-
air and drainage, esophageal resection with immediate re-
onstruction and, in extreme circumstances, esophageal ex-
lusion and diversion. Nonoperative management may be
ttempted when the following conditions exist: (1) The diag-
osis is made before significant extraluminal contamination;
2) A contained leak is present with free drainage of contrast
ack into esophageal lumen as assessed by contrast esopha-
ography; (3) Absence of underlying esophageal pathologic
roblem that will impede healing (eg, malignancy, distal ob-
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doi:10.1053/j.optechstcvs.2008.05.001truction); (4) Clinical signs of sepsis are minimal or not
resent; (5) An experienced physician, knowledgeable in the
anagement of esophageal perforations, is available.1,4-6
hen these criteria do not apply or a patient clinically dete-
iorates, surgical intervention is required. Cervical perfora-
ions are generally treated with either surgical drainage alone
r primary repair and drainage, excluding cases of malig-
ancy or distal obstruction. In the first 24 hours, uncon-
ained intrathoracic and intra-abdominal perforations gener-
lly will require surgical exploration with debridement of
evitalized tissue, wide local drainage, and primary repair,
uttressed by a vascularized soft-tissue flap.
Beyond 24 hours, primary repair may be utilized, although
he subsequent leak rates have been demonstrated to be sig-
ificantly increased.7 In addition, these patients often present
ith more advanced septic physiology that may limit the
xtent of surgical intervention. Moreover, the prolonged ex-
osure of the periesophageal tissues to intraluminal contents
ay preclude effective esophageal repair due to tissue friabil-
ty. In this circumstance, the choices include esophageal ex-
lusion/diversion and drainage alone or in combination with
uttressed mucosal repair, esophageal resection and imme-
iate reconstruction, or esophageal resection with diversion
nd delayed reconstruction. The choice of procedures is de-
endent on the clinical scenario as well as the surgeon’s ex-
erience. Notably, in the presence of either malignancy or
nd-stage benign disease, resection is preferable. Due to the
ignificant challenge of a second reconstructive procedure in
his patient population as well as the morbidity and potential
ortality associated with a later major reoperation, single-
tage procedures have been proposed with varying success.
f course, the advisability of immediate reconstruction de-
ends on the patient’s clinical status and comorbidities. Con-
iderable judgment must be exercised by the surgeon in de-
iding whether a patient is physiologically fit enough to
olerate the additional operative time and risk inherent in
oregut reconstruction in the setting of sepsis. When opera-
ion is being undertaken for perforations over 24 hours in
uration, rarely will the patient be suitable for immediate
estoration of foregut continuity.
T-tube diversion is a promising means of creating a con-
rolled fistula with outcomes comparable to those of perfora-
ions detected in the first 24 hours8,9 but has also been met
ith strong criticism.10 Additional methods of esophageal
xclusion in continuity with a side esophagostomy, based on
he publication by Urschel and coworkers,11 have been pro-
osed to create more easily reversible anatomy. Side esopha-
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Esophageal diversion 139ostomy, however, can be technically difficult to construct,
articularly in the obese neck, and can result in incomplete
iversion of esophageal contents, leading to continued me-
iastinal contamination. Additionally, this technique re-
uires a cervical location of the esophagostomy, making sub-
equent appliance management potentially challenging. Due
o the relative rarity of the clinical scenario and the persis-
ently high morbidity and mortality, the authors favor end
ervicothoracic esophagostomy with gastrostomy tube and
ejunostomy tube placement as the most reliable and expedi-
ious means of esophageal diversion. Although this strategy
oes commit the patient to a second surgery at a later date,
ypically a retrosternal reconstruction utilizing stomach, co-
on, or jejunum, this approach offers the most dependableeans of esophageal diversion and, therefore, the best ahance of successfully managing the initial physiologic in-
ult.
Preoperative preparation needs to be expeditious. Resus-
itation and appropriate antibiotic therapy should be initi-
ted immediately and the patient emergently transported to
he operating room. Arterial blood pressure monitoring and
ight-sided central venous access, via the internal jugular or
ubclavian veins, are generally established. Esophagoscopy
tilizing minimal air insufflation may be performed intraoper-
tively to define the location and extent of injury in patients who
re candidates for potential repair. Endoscopic visualization is
specially useful for assessment of iatrogenic endoscopic injuries
eg, injuries sustained during transesophageal echocardiogra-
hy) where the distance between the mucosal “entry” wound
nd the muscular “exit” defect may be significant.
140 D.P. Raymond and T.J. WatsonOperative TechniqueFigure 1 (A) To perform a cer-
vical esophagostomy, the pa-
tient is positioned supine with
a pad placed transversely un-
der the scapulae and the neck
extended. The chest and neck
are prepped into the field with
adequate infraclavicular expo-
sure for tunneling the esopha-
gostomy. A left cervical ap-
proach is generally performed
with an incision medial to the
left sternocleidomastoid mus-
cle. Patients requiring esopha-
geal diversion generally re-
quire long-term ventilatory
support and, thus, the surgeon
should be contemplating a po-
tential tracheostomy location
when planning the cervical in-
cision. At times we attempt a
more “J”-shaped incision to
maximize the distance be-
tween a potential tracheos-
tomy and the cervicotomy. (B)
The subcutaneous tissues and
platysma are divided with cau-
tery and the plane of dissection
is carried medial to the left ster-
nocleidomastoid muscle. The
left middle thyroid vein, left in-
ferior thyroid artery, and left
omohyoid muscle are subse-
quently divided, exposing the
trachea and esophagus. Care is
taken to avoid metal retractors
in the region of the tracheo-
esophageal groove to prevent
recurrent laryngeal nerve in-
jury. The cervical esophagus is
then mobilized, first by sharply
developing the plane between
the esophagus and spine. SCM
 sternocleidomastoid mus-
cle; n  nerve; v  vein; m 
muscle.
Esophageal diversion 141Figure 2 The esophagus is then completely mobilized, taking care not to injure the recurrent laryngeal nerves running
in the tracheoesophageal grooves. The periesophageal plane is then developed bluntly into the thoracic inlet to mobilize
an ample portion of esophagus. Ideally, adequate esophageal length is mobilized to accommodate an infraclavicular
location of the esophagostomy. Thoracic placement of the end esophagostomy facilitates placement of a functional
ostomy appliance, which can be a significant challenge in the supraclavicular location. Additionally, maintenance of a
potential tracheostomy in the future is dramatically easier. The esophagus is subsequently divided with an EndoGIA
stapler and the wound is irrigated.
142 D.P. Raymond and T.J. WatsonFigure 3 The surgeon determines the site for the stoma based on the length of available esophagus. A 2-cm skin defect
is created at the appropriate site and a subcutaneous tunnel is fashioned bluntly to that site using a Kelly clamp.
Esophageal diversion 143Figure 4 The cervical esophagus is drawn through the cutaneous defect on the chest wall. The staple line is sharply
excised and the esophagostomy is constructed using interrupted 3-0 polypropylene sutures placed through the skin
and the full thickness of the esophagus.
144 D.P. Raymond and T.J. WatsonFigure 5 If resection has not been undertaken, distal exclusion must be accomplished as well. A midline laparotomy is
performed and the viscera are packed away. The left triangular ligament of the liver is divided with electrocautery and
the left lobe of the liver is retracted away from the hiatus with a padded retractor. The phrenoesophageal ligament is
divided and the distal esophagus is dissected out circumferentially. The distal esophagus may then be divided with a
surgical stapler.
If resection has been performed in conjunction with an end cervical esophagostomy, the diaphragmatic hiatus must
be closed to prevent future herniation of abdominal contents into the chest.
If attempts are being made to leave the esophagus in continuity with a side esophagostomy, the distal esophagus may
be occluded with either a single absorbable suture (eg, no. 1 Vicryl) or a linear surgical stapler without division.
Although this can eliminate the need for a second reconstructive procedure, the authors do not advocate this approach
because spontaneous recanalization can occur within 2 weeks of occlusion, leading to further mediastinal contamina-
tion in a recovering, critically ill patient.
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Esophageal diversion 145onclusions
sophageal perforation remains an infrequent, yet challeng-
ng, problem for the thoracic surgeon. Options for care are
apidly evolving and little data are available for rigorous sci-
ntific evaluation. Nonoperative management is an accept-
ble means of managing early, contained perforations in pa-
ients who are not clinically ill. Endoluminal prostheses are
n evolving technology that offers promise for treating rap-
dly diagnosed perforations in stable patients, a situation
hich most frequently arises in the iatrogenic setting. It is
ital that all thoracic surgeons acquire experience in deploy-
ent of these devices as the impact on the care of esophageal
erforations in the future is likely to be significant.
When a patient presents late after an esophageal disrup-
ion with advanced septic physiology, esophageal diversion is
ecessary. For thoracic disruption, we generally prefer to
erform a thoracotomy, whenever possible, to effectively de-
ride and drain the contaminated space, assess the possibility
f a buttressed repair, and perform resection when indicated.
n extreme circumstances, a thoracotomy may not be possi-
le and chest drainage can be obtained quickly with tube
horacostomy.
Special mention should be made of the unique set of prob-
ems facing the patient with a cervicothoracic esophagos-
omy. In addition to the tremendous critical care challenges
Figure 6 Distal diversion is accomplished with a gastrost
will later be excised when the gastric conduit is construc
a feeding jejunostomy is placed for long-term enteral acf this patient population, specific problems related to thesophagostomy exist. Recurrent laryngeal nerve damage with
esultant vocal cord and swallowing dysfunction may occur,
equiring strict adherence to aspiration precautions, the in-
estigation of vocal cord function, and the utilization of
peech therapy resources. In addition, if aspiration occurs,
ne must suspect stomal stenosis, which may be addressed
ith Hagar dilators in the outpatient setting.12 Stomal steno-
is due to esophageal ischemia may require surgical revision
ncluding repositioning the esophagostomy. Salivary losses
f up to 1 L a day can cause significant dehydration as well as
lectrolyte imbalances including hypernatremia, hypokale-
ia, hypocalcemia, and metabolic acidosis. Vitamin B12 re-
lacement should be initiated in patients who have required
astrectomy. Finally, the surgeon should play an integral role
n the physical and nutritional rehabilitation of the patient in
reparation for the restoration of gastrointestinal continuity.
eferences
1. Brinster CJ, Singhal S, Lee L, et al: Evolving options in the management
of esophageal perforation. Ann Thorac Surg 77:1475-1483, 2004
2. White RK, Morris DM: Diagnosis and management of esophageal per-
forations. Am Surg 58:112-119, 1992
3. Wright CD, Mathisen DJ, Wain JC: Reinforced primary repair of tho-
racic esophageal perforation. Ann Thorac Surg 60:245-248, 1995
4. Altorjay A, Kiss J, Voros A, et al: Nonoperative management of esoph-
be placed strategically on a portion of the stomach that
restoration of gastrointestinal continuity. Additionally,
ll wounds are irrigated and closed.omy tu
ted forageal perforations. Is it justified? Ann Surg 225:415-421, 1997
1
1
1
146 D.P. Raymond and T.J. Watson5. Shaffer Jr HA, Valenzuela G, Mittal RK: Esophageal perforation. A re-
assessment of the criteria for choosing medical or surgical therapy. Arch
Int Med 152:757-761, 1992
6. Cameron JL, Kieffer RF, Hendrix TR, et al: Selective nonoperative man-
agement of contained intrathoracic esophageal disruptions. Ann Tho-
rac Surg 27:404-408, 1979
7. Wang N, Razzouk AJ, Safavi A, et al: Delayed primary repair of intrathoracic
esophageal perforation: is it safe? J Thorac Card Surg 111:114-121, 1996
8. Linden PA, Bueno R, Mentzer SJ, et al: Modified T-tube repair of de-
layed esophageal perforation results in a low mortality rate similar tothat seen with acute perforations. Ann Thorac Surg 83:1129-1133,
2007
9. Bufkin BL, Miller Jr JI, Mansour KA: Esophageal perforation: emphasis
on management. Ann Thorac Surg 61:1447-1451, 1996
0. Urschel Jr HC: Invited commentary. Ann Thorac Surg 83:1133, 2007
1. Urschel Jr HC, Razzuk MA, Wood RE, et al: Improved management of
esophageal perforation: exclusion and diversion in continuity. Ann
Surg 179:587-591, 1974
2. Orringer MB: Reversing esophageal discontinuity. Semin Thorac Car-
diovasc Surg 19:47-55, 2007
